The effectiveness of innovative polymeric coatings, polyurea and polyaspartic polyurea, to protect structural steel from corrosion was investigated through standard laboratory tests. The coating evaluation tests included salt fog test, QUV weathering test, adhesion test, and freeze-thaw stability test. These tests were used to assess the long-term performance of coating technologies compared to the conventional polyurethane type coatings, i.e. coating systems with inorganic zinc primer, epoxy intermediate coat and polyurethane topcoat. This paper presents part of results in the aforementioned evaluation tests. The results illustrate that polyaspartic coating systems are very promising for corrosion mitigation and can provide long-term adhesion strength for transportation steel structures. In addition, compared with the coating systems currently used by Department of Transportation's (DOT's), the polyaspatic coating systems performed equally well with even higher bond strength.
INTRODUCTION
Applying suitable protective coating systems is very important for transportation structural maintenance to impede the deterioration process and elongate the service lives of infrastructures. The need to find a low-cost, easy-installed, and durable system is in high demand. Investigations on repairing and strengthening structural elements have progressed recently, but little has evolved to address or investigate the corrosion of steel elements other than the performance of epoxy coated or urethane based coating systems. During the past decades, polyurea coatings have become increasingly popular. The chemistry and properties of the polyurea vary significantly from polyurethane which is a commonly used type of coatings by DOTs (Weldon, 2009 ). Moreover, a new type of polyurea, polyaspartic polyurea, has been developed since 2000. The advantages of polyurea coatings are in low volatile organic content (VOC) or no VOC and are relatively short in pot life which facilitates the application process. In this paper, five coating systems representing either old or new coating technologies were selected and evaluated in the laboratory test.
LABORATORY TESTS AND RESULT DESCRIPTION

Specimen preparation and coating systems
The specimens were steel flat panels complying with ASTM A36. The dimension of test panel was 76 mm× 152 mm×3 mm (3 in×6 in×1/8 in). The panels were blasted clean in accordance with SSPC-SP5 (the Society for Protective Coatings) which had profiles of 2.5-3mils (0.060-0.075mm) before coatings were applied. The panels were prepared by the paint manufacturers in shop according to their respective guidelines. Table 1 lists the details of the five coating systems evaluated in the test. Documented volatile volume content (VOC) and designated dry film thickness (DFT) are also included in the table. The coating systems were selected on the industrial paint market based on the chemical and physical properties provided by product information sheets which showed the ability to protect structural steel from corrosion. Three out of the five coatings had never been used for steel bridge corrosion mitigation. The lab evaluation tests involved salt fog resistance test, QUV weathering test, freeze-thaw stability test and adhesion test. The specimens were also prepared for cross-section characterization after salt fog exposure in order to determine the corrosion details and patterns. Coating system (a) in table 1 belonged to conventional coating systems widely used in bridge coatings by DOTs. It served as a benchmark in this test matrix to determine how the other new type coatings performed. The other four systems were all two-coat systems which had remarkably lower VOCs than system (a). Due to the extremely short pot life of the polyurea, systems (b), (c) and (d) had to be applied by a plural component heated spray equipment. System (e) can be applied by air, airless spray, or conventional application methods such as brush or paint roller.
Salt fog resistance test and cross-section characterization
The test was performed in accordance with ASTM B117. This standardized test is widely used to evaluate the corrosion resistance of the coated samples. The salt fog solution was 3.5% NaCl solution by weight in this test. The panels were scribed before exposure with straight lines by a carbide tip cutting tool (either single lines or double crosses). The steel substrate was exposed along the entire length of the scribe. All the coating systems were exposed for a duration of 3000 hours. The appearance of the specimen panels, blistering and rust creepage, was evaluated at each 500 hour increment of exposure. Three replica panels were placed in the equipment. Figure 1 shows the representative results of the five coating systems. From the appearance of the panels, the polyurea coating system (b), (c) and (d) performed less desirably than the other two coating systems. Due to the larger DFTs of system (c) and (d), the exposure areas at the scribe were larger than the others during the scribing process. The more area exposed, the more corrosion product accumulated along the scribe. The panels with coating system (b) corroded fast at the beginning of the exposure. The edges of the panels were badly oxidized due to less coating thickness application at the corner. In addition, both system (a) and (e) had zinc primers which served as sacrificial anodes that corroded first to protect substrates from corrosion. From the prospective of the coating functions, the polyurea type coating should belong to a barrier coating rather than a corrosion-inhibitive one. 
FIG. 2. Cross section characterization (1500-hr and 3000-hr salt fog exposure).
The corrosion development can also be seen from the cross-section characterization image under microscope (figure 2). System (e) with zinc sacrificial primer could hinder the corrosion development during the exposure. The corrosion was minimal in systems (a) and (e). On the other hand, systems (c) and (d) without zinc primers did have corrosion development underneath the corrosion. However, the corrosion development was within the range of acceptance. The bond strength was still proficient to protect the substrate.
QUV weathering tests
The QUV test simulates the expected yearly weathering conditions. The test combines the ultraviolet sunlight and moisture condensation. Fluorescent UV lamps in the QUV equipment, having 295 nm to 365 nm wave length spectrum, produce the UV light which is responsible for most of the sunlight damage to polymer materials (topcoat) exposed outdoors. The condensation cycle process is done by a water supply and a water heater to form the dew on the surface responsible for most outdoor wetness. 22.4
The test ran for 4000 hours in total to evaluate the accelerated weathering resistance. The color of every topcoat was measured every 500 hours by spectrophotometer during the test. The difference was recorded in accordance with CIE1976 L*a*b of ASTM D2244-09. ΔE* was used to determine the degree of color change. The gloss change was also obtained by using the glossmeter with a 60° geometry configuration.
The results illustrated in Table 2 documented that the color change ΔE* of each system was not larger than 3.18 except for system (d) which had an average ΔE* of 4.2. The results show that the aromatic polyurea topcoat is not suitable for exterior application when the appearance is a significant consideration for structures. However, it can be applied to interior areas where the UV exposure is at minimum and appearance is not a major concern. The polyaspartic polyurea topcoat performed excellently like the polyurethane topcoat in QUV test (Figure 3 ). 
Adhesion Test
The adhesion test used a pull-off mechanism. A test stub/dolly was attached to the surface of the coating by a designated glue. The force or pressure was measured when the tester detached the dolly and the coating, or part of the coating, from the steel substrate. There were several failure modes in the adhesion tests: adhesion break is a failure between coating layers or between the substrate and first coating layer; cohesion break is a break within a single coating layer; and clue break is when coating adhesion and cohesion strength exceeds bonding strength of the adhesive (Bayliss, 2002) . A multiple mode which combines the failure modes above can also occur. Table 3 lists the results of each coating system. Results presented in Table 3 show the adhesion strength of each coating system. System (a), which is used currently by DOTs, had the lowest adhesion strength among the coating systems. Compared with inorganic zinc primer in system (a), the coating system (e) with organic zinc primer possessed higher adhesion. Furthermore, the coating systems with polyurea had superior bonding ability.
CONCLUSIONS
Polyaspartic polyurea coating, system (e), performed very well through the evaluation tests. The polyaspartic polyurea in system (e) provided low permeability, tough color fastness under UV and excellent corrosion mitigation under salt fog exposure. The zinc primer served as a sacrificial anode which oxidized before substrate. The effectiveness of corrosion mitigation of system (e) is more suitable for steel structural protective application than other coating systems in the test. The bond strength of system (e) was even higher than the conventional polyurethane topcoat with inorganic zinc primer like system (a).
